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Description 



Reducing Number of Pins Required to 
Test Integrated Circuits 

Background of Invention 

[0001] pi e id 0 f tne invention 

[0002] The present invention relates to the testing of integrated 
circuits, and more specifically to a method and apparatus 
for reducing number of pins required to test integrated 
circuits. 

[0003] Related Art 

[0004] integrated circuits are often tested to verify whether the 
circuits operate in a desired manner. For example, an in- 
tegrated circuit may be tested to ensure that each compo- 
nent (within the integrated circuit) generates desired out- 
puts and/or in a desired duration in response to a corre- 
sponding input combination. 

[0005] pj ns are often used to provide the inputs or receive out- 
puts of integrated circuits while testing. In a typical see- 



nario, a tester provides inputs on a set of pins and exam- 
ines the corresponding outputs on another set of pins. 
Pins are also used by integrated circuits to communicate 
with external devices/components. 
[0006] | n general, it is desirable to minimize the number of pins 
provided on an integrated circuit (for reasons of cost, size 
and various other reasons, well known in the relevant 
arts). According to one prior approach, the same pins 
provided for functional (i.e., non-testing state) operation 
are also used for testing to minimize the aggregate pin 
requirement. 

[0007] Even in such a case, it is desirable to minimize any addi- 
tional pins not otherwise required for functional opera- 
tion. Therefore, what is required is a method and appara- 
tus to reduce number of pins required to test integrated 
circuits. 
Brief Description of Drawings 

[0008] The present invention will be described with reference to 

the following accompanying drawings. 
[0009] Figure (Fig.)l is a block diagram illustrating the details of 

an example environment in which the present invention 

may be implemented. 
[0010] Figure 2 is a block diagram illustrating the manner in 



which various tests of interest may be specified in one 
prior embodiment. 
[001 1] Figure 3 is a block diagram illustrating the details of a 
tests enabler block in an embodiment of the present in- 
vention. 

[0012] Figure 4 is a flow chart illustrating the manner in which 
the number of pins required to test an integrated circuit 
may be reduced according to an aspect of the present in- 
vention. 

[0013] | n the drawings, like reference numbers generally indicate 
identical, functionally similar, and/or structurally similar 
elements. The drawing in which an element first appears 
is indicated by the leftmost digit(s) in the corresponding 
reference number. 
Detailed Description 

[0014] i. Overview 

[0015] An integrated circuit provided according to an aspect of 

the present invention contains a pin on which bits forming 
a portion of a test code are scanned in sequentially. The 
test code represents the specific tests to be performed in 
parallel. As the bits are scanned sequentially, the number 
of pins required to specify the specific tests to be per- 



formed in parallel are reduced. 
[0016] | n one embodiment, the bits scanned via the pin are 

shifted in sequentially into a shift register. The bits in the 
shift register are then loaded into a select register, with 
the bit values in the select register specifying whether a 
corresponding test will be performed or not. Thus, while 
the tests are being performed using the bit values in the 
select register, the test code corresponding to the next 
set of tests are scanned into the shift register. Such scan- 
ning potentially allows new tests to be started while other 
tests are in progress. As a result, the aggregate time re- 
quired to test an integrated circuit may be reduced as 
well. 

[0017] various aspects of the present invention are described be- 
low with reference to an example problem. Several as- 
pects of the invention are described below with reference 
to examples for illustration. It should be understood that 
numerous specific details, relationships, and methods are 
set forth to provide a full understanding of the invention. 
One skilled in the relevant art, however, will readily recog- 
nize that the invention can be practiced without one or 
more of the specific details, or with other methods, etc. In 
other instances, welLknown structures or operations are 



not shown in detail to avoid obscuring the invention. 

[001 8] 2. Example Environment 

[0019] Figure 1 is a block diagram illustrating an example envi- 
ronment in which the present invention can be imple- 
mented. Example environment 100 is shown containing 
test equipment 110 and integrated circuit 150. As de- 
scribed below in further detail, integrated circuit 150 can 
be tested using test equipment 110 according to various 
aspects of the present invention. 

[0020] | n general, design for testability (DFT) circuitry is included 
in the design of integrated circuits, which enables various 
tests to be run after manufacturing of the integrated cir- 
cuits. A single test may generally be intended to perform a 
specific testing operation. Some of such tests include 
testing for stuck-at fault (if a signal is erroneously stuck 
at a specific logical value) and/or transition fault testing, 
logic built-in self test (BIST), memory BIST (to test the op- 
eration of any memory present), digital to analog con- 
verter/analog to digital converter (DAC/ADC) tests, phase 
locked loop (PLL)/clock test, etc. 

[0021] T es t equipment 110 sends a status signal on path 101 in- 
dicating whether integrated circuit 150 is to be operated 
in a test state or a functional state. For example, a logic 1 



on path 101 indicates that IC 150 is to be operated in the 
test state, and a logic 0 indicates that IC 150 is to be op- 
erated in functional state. Test equipment 110 may send 
data on path 115 indicating various tests that are to be 
run by integrated circuit 150 and the input data (test vec- 
tors) to be used for the tests (when in the test state). Test 
equipment 110 may receive output (of tests) on path 151 
in response to the data. The output on path 151 can be 
examined to verify proper operation of integrated circuit 
150. Test equipment 110 sends signals on paths 101 and 
115 at time points specified by clock signal 102. 

[0022] integrated circuit 150 receives on path 115 the data indi- 
cating the tests to be run and the input data for the tests, 
and performs the specified tests. An aspect of the present 
invention reduces the number of pins required for speci- 
fying the tests to be run. Such a feature will be clearer by 
first appreciating a prior approach, which may not include 
one or more features of the present invention. Accord- 
ingly, a prior approach is described below first. 

[0023] 3_ pri or Testing Approach 

[0024] Figure 2 is a block diagram illustrating the details of a 
testing approach in a prior embodiment. The block dia- 
gram is shown containing decoding logic 200 along with 



select signals on pins 210-1 through 210-S, control sig- 
nals on pins 240-1 through 240-P and status signal on 
pin 230. The operation of each component is described 
below in further detail. 
[0025] status signal 230 indicates whether the integrated circuit 
(containing the components of Figure 2) is to operate in 
test state or functional state. Control signals 240-1 
through 240-P provide various control signals required 
for test modes, for example, scan_mode signal used to 
indicate scan chain mode (in which input vectors may be 
scanned using a single pin in several successive clock cy- 
cles) assuming sequential scanning techniques such as 
ATPC are employed to scan the input vectors. Some of the 
control signals 240-1 through 240-P may be passed on 
paths 260-1 through 260-C, as needed for the specific 
tests. 

[0026] select signals 210-1 through 210-S contain a digital 

code, which represents in binary format the specific test 
modes to be performed. Each test mode may in turn be 
defined to include one or more tests than can be per- 
formed in parallel. 

[0027] Decoding logic 200 decodes the S-bit number received on 
select signals 210-1 through 210-S into corresponding (2 



A S) bits, wherein a represents a 'power of mathematical 
operation. The corresponding (2 a s) signals are shown 
represented by 220-1 through 220-N (wherein N = 2 a 
S).Each of the N-bits indicates whether a corresponding 
test mode is to be performed. Thus, further portion of an 
integrated circuit may receive the N-bits and perform the 
corresponding tests. 

[0028] one potential problem with the prior approach is that 
more number of pins are required if number of test 
modes is increased. For example, number of test modes 
implemented equals 'N\ then the number of pins required 
to provide select signals equals log 2 N. In addition, extra 
pins are required to provide control signals 240-1 
through 240-P. Thus, total number of pins required 
equals (log 2 N + P). Accordingly, to increase the number of 
possible test modes (available in a testing environment), 
the number of pins may need to be increased, which is 
generally undesirable. 

[0029] Another potential problem with the prior approach of Fig- 
ure 2 is that it may not be possible to provide a tester/ 
user the ability to select any combination of tests (or a 
test mode, according to description above). In theory, as- 
suming a total of T tests, the number of possible test 



modes may be given by the below equation:TTest modes 
= I T C Equation (l)l=lwherein C represents a 'combina- 
tion' mathematical operation. 

[0030] jo extend the approach of Figure 2 to provide a tester/ 
user the flexibility of selecting any of the test modes of 
Equation (1), would require a substantial number of pins 
(a large value of S in Figure 2). It may be noted that all 
possible test modes may not be valid. 

[0031] As a compromise, a designer may choose to provide only 
a subset of the large number of combinations of Equation 
(1), and thereby reduce the number of pins required ac- 
cordingly. The small number of test modes may be chosen 
such that the tests that need to be performed in parallel 
(either for testing purpose or to minimize the total cost/ 
time of usage of testing equipment). 

[0032] The absence of flexibility in selecting any desired combi- 
nation of tests as a test mode may be undesirable for sev- 
eral reasons. For example, while testing, a user may rec- 
ognize a specific test mode could reduce the tester time 
(and thus cost), but the specific test is not provided as a 
test mode due to the design choices made to reduce pin- 
count. Such high costs are generally not desirable. Various 
aspects of the present invention overcome some of such 



problems as described below in further detail. 

[0033] 4 Embodiment According to Various Aspects of the Invention 

[0034] Figure 3 is a block diagram illustrating the details of tests 
enabler block 300 in an embodiment implemented ac- 
cording to various aspects of the present invention. Tests 
enabler block 300 is described with reference to Figure 1 
for illustration. However, tests enabler block 300 may be 
used to reduce pins requirement of devices in other envi- 
ronments as well without departing from the scope and 
spirit of various aspects of the present invention. Tests 
enabler block 300 is shown containing control unit 310, 
shadow register 320 and select register 330. Each compo- 
nent is described in detail below. 

[0035] Broadly, tests enabler block 300 may enable a user to run 
any desired tests (otherwise permitted by circuit design/ 
operation) in parallel using only a fixed number of pins. 
Shadow register 320 stores as many number of bits as the 
number of tests for a design. The bits are stored by scan- 
ning in the bits sequentially into shadow register 320. Se- 
lect register 330 loads the bits from shadow register 320 
and each output of select register 330 enables the corre- 
sponding circuit portion in integrated circuit 150 to run 
the corresponding test. To run two or more tests concur- 



rently, the bits in shadow register 320 corresponding to 
the tests are set and the corresponding outputs of select 
register 330 enable the circuit portions of integrated cir- 
cuit 150. As a result, the number of pins required to run 
any number of tests concurrently can be small and fixed. 
Various pins required in an example embodiment are de- 
scribed below. 

[0036] shadow register 320 contains flip-flops 340-1 through 
340-R, which are connected in sequence forming a shift 
register. Each flip-flop 340-1 through 340-R is shown re- 
ceiving shift 312 and clock 102. Output of each flip-flop 
is shown connected to the input of next flip-flop and in- 
put of flip-flop 340-1 is shown receiving data_in 314. 
Shadow register 320 shifts in each bit in data.in 314 for 
every cycle of clock signal 102 when shift 312 is enabled. 
The number (R) of flip-flops in shadow register 320 may 
equal the number of tests to be run in integrated circuit 
150 and the corresponding control signals (such as scan 
mode signal as described above) required to enable vari- 
ous tests. 

[0037] Select register 330 (example storage element) may also 
contain as many number of flip-flops (350-1 through 
350-R) as in shadow register 320. Each flip-flop 350-1 



through 350-R stores the corresponding bit stored in the 
flip-flops of shadow register 320 when load 315 is en- 
abled (load phase). For example, flip-flop 350-1 stores 
the bit present in flip-flop 340-1, flip-flop 350-2 stores 
the output from flip-flop 340-2, etc. The bits stored in 
flip-flops 350-1 through 350-R are provided as outputs 
on paths 355-1 through 355-R. As a result, the outputs 
on paths 355-1 through 355-R represent the tests to be 
run concurrently and the control signals correspond to the 
tests. For example, if output on paths 355-1 and 355-2 
are 1, then the corresponding tests 1 and 2 are run con- 
currently. 

[0038] Control unit 310 receives various input signals on a fixed 
number of pins, and generates intermediate signals. In an 
embodiment, the input signals include data.in, test phase 
control (TPC) 0, TPC1 and status signal, which are respec- 
tively received on pins 301, 302, 303 and 101. Paths 301, 
302 and 303 may be contained in path 115 of Figure 1. 
Status signal 101 indicates whether integrated circuit 150 
is to be operated in test state or functional state. A se- 
quence of bits representing a test code, which indicates 
various tests that are to be run by integrated circuit 150 in 
parallel, may be scanned in on path 301 in a shift phase 



(described below). 

[0039] tpco 302 and TPC1 303 together control the operation of 
test enabler block 300 in four phases corresponding to 
the four combination of bit values for TPCO and TPC1. 
When TPCO 302 and TPC1 303 are both at logic 0 ("freeze 
phase"), the tests which are presently being performed, 
are continued. The bits in shadow register 320 and select 
register 330 are unchanged in the freeze phase. 

[0040] In a shift phase, when TPCO 302 and TPC1 303 are at 
logic 0 and logic 1 respectively, data_in 301 is scanned 
sequentially into shadow register 320. The corresponding 
sequence of bits (test code) may be provided by test 
equipment 110. The values in select register 330 are un- 
changed and the tests presently being performed are con- 
tinued. 

[° 041 ] In a load phase, when TPCO 302 and TPC1 303 are at logic 
1 and logic 0 respectively, data.in previously (in shift 
phase) scanned into shadow register 320, is loaded into 
select register 330. As noted above, the bits in select reg- 
ister 330 determine the specific tests performed in paral- 
lel. 

[° 042 ] In a self test phase, when both TPCO 302 and TPC1 303 
are at logic 1, tests enabler block 300 itself is put in a 



scan chain for ATPG testing to test the correctness of tests 
enabler block 300. Such implementations may be per- 
formed in a known way. 

[0043] Control unit 310 receives the sequence of bits (forming 
the test code) on data_in 301, and forwards the received 
bits on path 314 when the TPC bits indicate a shift phase. 
In addition, the shift signal 312 is enabled causing the 
bits to be shifted in (to support the scan operation). When 
the TPC bits indicate a load phase, control unit 310 en- 
ables load signal on path 315 causing the data in shadow 
register 320 to be loaded into select register 330. 

[0044] it may be noted that while one set of tests are being per- 
formed, the test code corresponding to next set of tests 
may be scanned sequentially into shadow register 320 
since the bits stored in select register 330 are changed 
only when load 315 is enabled. Even though, the imple- 
mentation of shadow register 320 makes the next set of 
tests ready for execution before the present tests are 
completed execution, the scanning in of the bits into 
shadow register 320 consumes more clock cycle. In an al- 
ternative embodiment, to reduce the scanning time, mul- 
tiple bits may be scanned through multiple (small number) 
pins. 



[0045] | n the above described embodiments, it may be noted that 
only four pins are required to run any number of tests. 
Since control signals (such as scan mode) may also be 
scanned in on path 301, extra pins to provide select sig- 
nals and control signals as described with reference to 
prior approach of Figure 2 may not be required. However, 
additional pins (or additional circuit logic) may be re- 
quired to provide common signals such as scan.in (to 
provide test vectors), scan_out (to receive resulting output 
in response to test vectors) for ATPG testing, etc. 

[0046] Thus, by operating tests enabler block 300 in the four 
phases, any combination of tests may be specified for 
parallel/concurrent execution using a small number of 
pins as further summarized below with reference to Figure 
4. 

[OO 47 ] 5. Method 

[0048] Figure 4 is a flow chart illustrating the manner in which 
the number of pins required to test an integrated circuit 
may be reduced according to an aspect of the present in- 
vention. The method is described with reference to Fig- 
ures 1 and 3 for illustration. However, the method may be 
implemented in another environments as well. The 
method begins in step 401, in which control immediately 



passes to step 410. 

[0049] | n s tep 410, a test code containing a sequence of bits are 
scanned in sequentially on a pin, with the test code repre- 
senting the specific tests to be performed. In the embodi- 
ments described above, the test code contains as many 
number of bits as the number of tests. The sequence of 
bits are scanned on pin data_in 301 of Figure 3. 

[0050] | n s tep 430, the test code is stored in a register which de- 
termines whether a corresponding test will be performed 
or not. With reference to Figure 3, the sequence of bits re- 
ceived on path 301 are shifted sequentially into shadow 
register 320. The bits stored in shadow register 320 are 
loaded into select register 330, the bit values on outputs 
of select register 330 determines whether the corre- 
sponding test will be performed or not. 

[0051] in step 450, the tests specified in the register are per- 
formed based on the bit values. For example, if the bit 
value on output 355-1 equals logic 1 and output 355-1 
represents testl, then test 1 is performed. The method 
ends in step 499. 

[0052] Thus, it may be noted that by sequentially scanning in a 
sequence of bits on a pin, the number of pins required to 
test an integrated circuit may be reduced. In addition, any 



combination (permitted by the design) of tests can be run 
in parallel by changing the bit values in the test code. 

[0053] & Conclusion 

[0054] while various embodiments of the present invention have 
been described above, it should be understood that they 
have been presented byway of example only, and not 
limitation. Thus, the breadth and scope of the present in- 
vention should not be limited by any of the above de- 
scribed exemplary embodiments, but should be defined 
only in accordance with the following claims and their 
equivalents. 



